ABSTRACT This study investigated the temporal patterns of parasitoid attack and diversity within and among years and the potential ecological factors inßuencing the incidence of parasitism experienced by the larvae of a bivoltine moth, Psilocorsis quercicella Clemens. To do this, Þeld-collected larvae were reared throughout both generations during 1995Ð1997 in eastern Missouri. Annual variation in percentage parasitism was extremely low, ranging from 16.2 to 18.1%. Low annual variation in parasitism may contribute to host population stability. In contrast, intergenerational differences in percentage parasitism were highly signiÞcant in 2 of the 3 yr of study, with higher rates in the 1st generation (G1) than in the 2nd generation (G2). Instar at collection was a signiÞcant predictor of percentage parasitism during G1 but not during G2; this difference was likely caused by variation in the frequency of attack by idiobiont parasitoids in the 2 generations. Ten species of parasitoids were positively identiÞed from the rearings. Of these, 3 were new records and 1 was a new species. A consistent increase in parasitoid species richness from G1 to G2 was found for all 3 yr, with several generalist parasitoids emerging only from larvae collected during G2. Host-switching behaviors related to seasonal differences in the abundance of a congener, P. reflexella Clemens, are hypothesized to contribute to the increased parasitoid diversity in G2. Although parasitoids were more likely to visit high-density ties, the risk of parasitism for individual larvae was independent of the density of both conspeciÞcs and heterospeciÞcs occupying a leaftie. A Þeld experiment examining the effects of prior tie occupancy on parasitism found that larvae placed in previously occupied ties were almost twice as likely to be parasitized (24.4%) as larvae placed in newly created ties (13.6%).
RECENT ADVANCES IN our understanding of parasitoid community ecology (Hawkins 1994, Hawkins and Sheehan 1994 ) and the role that parasitoids play in regulating insect population dynamics (Cappuccino and Price 1995) have relied heavily upon data derived from mass rearings of individual host species. Individually, these studies increase our understanding of insect natural history and the ecology of hostÐparasitoid interactions. Collectively, these studies comprise a database of study systems that can be examined statistically in the search for general ecological patterns (Hawkins and Gagné 1989 , Sheehan 1991 , Hawkins 1994 , Hunter 1995 .
In conducting these meta-analyses, researchers have emphasized the need for more studies of natural systems, particularly those that focus on nonoutbreak herbivore species (Hunter 1995) . For example, almost all of our understanding of the population dynamics of forest Lepidoptera comes from studying outbreak species. However, outbreak species are the exception rather than the rule, comprising an estimated 1Ð3% of the global macrolepidopteran fauna (Hunter 1995) . Nonoutbreak species are deÞned here as species with limited population ßuctuations that never or rarely cause signiÞcant defoliation (Mason 1987) . Much of our limited information on nonoutbreak species comes from the collection of nontarget species associated with pest species as part of a control program, such as pesticide spraying or integrated pest management (Mason 1987) . However, these insects are often collected under artiÞcial conditions (i.e., during an active suppression program or within an agroecosystem), which can bias observed patterns of host-parasitoid dynamics.
When they have been conducted, detailed studies of nonoutbreak hostÐparasitoid dynamics have emphasized the importance of examining seasonal variation in parasitism rate and species composition for understanding the role that parasitoids play in host ecology and evolution (Weis 1982; Hawkins and Goeden 1984; Price and Clancy 1986; Kato 1994a, b; Dixon et al. 1998) . In agricultural systems, seasonal patterns of parasitism experienced by agricultural pests are commonly documented (Martin et al. 1981 , Braman and Yeargan 1990 , Schuster and Lidell 1990 , Charlet 1992 , McAuslane et al. 1993 , Giles et al. 1994 , Palumbo et al. 1994 ), but they are infrequently discussed from an ecological context. This study examines seasonal and annual variation in the naturally occurring parasitoid fauna associated with a common, native, nonoutbreak leaftier, Psilocorsis quercicella Clemens, feeding on white oak, Quercus alba L., in Missouri. Leaftying caterpillars are considered semiconcealed feeders (Hochberg and Hawkins 1992) and thus are expected to support a diverse parasitoid fauna, second only to leafminers in species richness. By characterizing the community of parasitoids using P. quercicella as a host, interactions among parasitoid species are examined to help explain seasonal differences in parasitism rate and how these differences may contribute to population regulation of this host. Because population regulation by natural enemies has generally been thought to result from density-dependent processes (Huffaker et al. 1963 , Hassell 1985 , the effects of larval density on parasitism rate were also examined. Finally, the effect of previous leaf damage and tie occupancy on parasitism rates were manipulated to investigate potential cues used by parasitoids for host location.
Materials and Methods
Study System. P. quercicella is a common moth found throughout eastern North America, from Florida to Nova Scotia and as far west as Kansas (Covell 1984) . Larvae of P. quercicella feed predominantly on oaks but have also been reared from beech and chestnut (Carroll et al. 1979) . The larvae are part of a diverse leaftier complex of caterpillars that feed on oaks throughout the summer and fall. This complex is composed primarily of species in the superfamily Gelechioidea, including species of Oecophoridae, Gelechiidae, and Stenomidae (Carroll and Kearby 1978) . P. quercicella larvae feed in leaf ties constructed of silk and frass and are often gregarious, forming both single-and multispecies assemblages. P. quercicella is bivoltine in Missouri, with a summer and a fall generation (hereafter G1 and G2). Adults begin to emerge from overwintering pupae in late May. After mating, G1 eggs are laid on overlapping mature leaves and hatch within 3Ð 4 d. Although neonate larvae are capable of constructing their own ties, the majority of female moths oviposit into preexisting leafties or leaf rolls created by other caterpillars. Eggs are laid singly or in small clusters, with most ties containing 1Ð3 larvae (unpublished data). Larvae feed by skeletonizing the leaf surfaces inside the ties, passing through 5 instars before entering a nonfeeding prepupal stage, which exits the leaf, drops to the litter, and pupates. G1 adults emerge 10 Ð13 d later to begin a 2nd generation, often laying their eggs in previously established leaf ties. G2 larvae begin to pupate in late August and overwinter as pupae in the litter. The life cycle of P. quercicella in Missouri was described in detail by Carroll et al. (1979) .
Study Site. P. quercicella larvae were collected from understory leaf ties of white oak trees at Cuivre River State Park, located in Lincoln County, MO. The park is located at the northernmost extension of the Ozark plateau and is covered mostly by 2nd growth oakhickory forest. General Collections and Analysis. To describe the parasitoid community associated with larvae of P. quercicella, larvae were collected from mid-June through the end of September during the years 1995Ð 1997. Leafties containing at least 1 P. quercicella larva were collected from understory white oak trees (Ͻ3 m) and low-hanging branches of canopy trees found throughout the northern 3rd of the park, an area encompassing Ϸ200 ha. White oak saplings were commonly found on ridgetops and south-and west-facing slopes. Larvae were reared individually in 480 ml (16-oz) plastic containers on a diet of fresh white oak leaves collected weekly from the study site. Any arthropods incidentally collected on these leaves were removed before feeding to prevent contamination. Larvae that died before pupation or parasitism from unknown causes were excluded from all analyses, because their fates could not be determined. The parasitoid species and the date of parasitoid emergence or pupation were recorded for each parasitized host. Parasitoid adults that failed to emerge were assigned to species based on pupal morphology. The frequencies of parasitized and nonparasitized larvae in G1 and G2 were compared with G-tests for each of the 3 yr. All G-statistics reported in this study were adjusted using WilliamsÕ correction (Sokal and Rohlf 1981) .
The relative contribution of different parasitoid species to the total parasitism recorded in a given year and generation was examined for all 3 yr, based on the parasitoids reared during the general collection plus parasitoids reared as part of 1 of several Þeld experiments performed in 1996 and 1997 (Lill 1999) . The species richness of parasitoids reared during the 2 generations for each of the 3 yr was compared with a two-tailed paired t-test (Zar 1996) .
The head capsule width of all collected larvae was measured to the nearest 0.01 mm within 24 h of collection using a stereomicroscope Þtted with a video camera allowing measurements of images using Digital Image Analysis System software (C-Squared Corporation 1993). These measurements were used to assign each larva to an instar (1Ð5) at the time of collection. For each generation, the relationship between instar at time of collection and percentage parasitism was examined using one-way analysis of variance (PROC GLM, SAS Institute 1985) , with instar as a Þxed effect. Percentage parasitism data were transformed using Johnson and KotzÕ improved angular transformation before analysis (Sokal and Rohlf 1981) , with year of collection as the unit of replication. Beause of the low numbers of 1st instars, collected, 1st and 2nd instars were combined into a single category (early instars) for these analyses.
Effects of Density on Parasitism. The effect of the density of P. quercicella larvae per tie on the risk of parasitism was examined for the combined 1996 Ð1997 general collection data. During these 2 yr, the abundance and species of all leaftier caterpillars (P. quer-cicella and others) residing within each collected tie was recorded. The average risk of parasitism per larva in ties of each density class (1, 2, 3, Ն4 larvae per tie) was calculated as the sum of parasitized caterpillars in a density class divided by the total caterpillars present in ties of that density class. These values were calculated for all parasitoid species combined as well as for the most abundant parasitoid species, Diadegma psilocorsis Walley (Hymenoptera: Ichneumonidae). In addition, the effect of larval density on the attractiveness of ties to parasitoids was examined by computing the per-tie risk of parasitism (a tie was considered parasitized if at least one resident larva was parasitized). G-tests were then performed to determine if the risk of parasitism varied among density classes.
The above analyses ignore the abundance of cooccurring heterospeciÞc caterpillar species within the collected ties. To examine these effects, the percentage parasitism experienced by individual P. quercicella larvae inhabiting ties with 0, 1, 2, and Ն3 leaftying caterpillars of other species was examined for 3 density classes of P. quercicella: 1, 2, and 3 larvae per tie. Within each P. quercicella density class, the parasitism rate of P. quercicella larvae with 0, 1, 2, and Ն3 additional caterpillars were compared with a G-test.
Leaftie Experiment. To investigate the cues used by the parasitoids of P. quercicella during host location, the effect of leaftie age on parasitism was examined experimentally in the Þeld during August 1997. Two hundred early-instar P. quercicella larvae were singly placed, half in new leafties, which were created by clipping together 2 previously nontied white oak leaves with a spring-loaded plastic clip, and half in old leafties, which were inhabited previously by other leaftying caterpillars (P. quercicella and others) and which showed signs of leaftier feeding damage, with accompanying frass and silk. The residents of all old ties were removed before introducing the P. quercicella larva. Approximately 75 white oak saplings scattered across a single south-facing slope were used in this experiment, each of which contained 1Ð3 leafties (both old and new). After 2 wk, the leafties were harvested and larvae were categorized as live, dead, missing, or parasitized (if parasitoid larvae or pupae were in the tie). All surviving larvae were reared as in the general collections to determine the incidence of parasitism. Missing larvae were excluded from the analysis, because their fates could not be determined. The frequency of larval parasitism in new versus old ties was compared with a G-test.
Results
Parasitism Levels in General Collections. A total of 808, 833, and 575 P. quercicella larvae were collected in the years 1995Ð1997, respectively. Of the total larvae collected during the 3 yr, 24.2% were collected as 1st or 2nd instars, 28.2% as 3rd instars, 24.2% as 4th instars, and 23.2% as 5th instars. Between 73 and 90% of the collected larvae were successfully reared to pupation or parasitoid emergence in a given year. Of those reared, 18.1% (1995), 16.2% (1996), and 16.8% (1997) were parasitized. In 1995 and 1997, the 2 generations differed signiÞcantly in the overall rate of parasitism (1995, G adj. ϭ 10.09, df ϭ 1, P Ͻ 0.01; 1997, G adj. ϭ 26.21, df ϭ 1, P Ͻ 0.001), with G1 experiencing greater parasitism than G2 (Fig. 1) . The overall rate of parasitism did not differ signiÞcantly between the 2 generations in 1996. Between generation comparisons of the incidence of parasitism by the most abundant parasitoid, D. psilocorsis, followed the same pattern of signiÞcantly higher parasitism of G1 than G2 in 1995 (G adj. ϭ 17.48, df ϭ 1, P Ͻ 0.001) and 1997 (G adj. ϭ 32.39, df ϭ 1, P Ͻ 0.001) and no intergenerational difference in 1996.
Instar at the time of collection had a signiÞcant inßuence on parasitism during G1 (F ϭ 4.04; df ϭ 3, 8; P ϭ 0.05) but not during G2 (F ϭ 0.13; df ϭ 3, 8; P ϭ 0.94). During G1, larvae collected during early instars (1Ð2) were signiÞcantly less likely to suffer parasitism compared with later instar larvae (3Ð5), using DuncanÕs posthoc test (Montgomery 1991; Fig. 2) .
Parasitoid Community Composition. The composition of the parasitoid community attacking P. quercicella was similar among the 3 yr (Fig. 3) and was composed almost exclusively of endoparasitoids. The mean Ϯ SE species richness of parasitoids using P. quercicella as a host was signiÞcantly greater during G2 (7.67 Ϯ 0.88) compared with G1 (4.67 Ϯ 0.88; t ϭ 5.20, df ϭ 2, two-tailed P ϭ 0.035).
A complete list of the parasitoids reared from P. quercicella during the 3 yr of this study, as well as during the 2 previous studies in central Missouri, is provided in Table 1 . Over the 3 yr, the most abundant parasitoid, D. psilocorsis, accounted for an average (Ϯ1 SD) of 76.6 Ϯ 3.0% and 34.3 Ϯ 17.8% of the total parasitism events in G1 and G2, respectively. Two species of Perilampidae were reared as hyperparasitoids of P. quercicella through D. psilocorsis, emerging from D. psilocorsis pupae an average of 26.8 Ϯ 9.3% of the time during 1995Ð1997. Apanteles epinotiae Viereck (Braconidae) was common during G2 of 1995, accounting for 21% of the parasitism events, but declined in abundance in 1996 (11.1%) and again in 1997 (3.2%). A. epinotiae and several other parasitoid species in the families Braconidae and Ichneumonidae were only reared later in the season, almost exclusively from G2 hosts. The larvae of a newly described parasitic ßy (Gagné and Lill 1999) , Lestodiplosis venusta Gagné (Diptera: Cecidomyiidae), accounted for a large portion of the G2 parasitism in 1996 (17.8%) and in 1997 (48.4%), but was not recorded in 1995.
Effects of Density on Parasitism. The density of P. quercicella larvae per tie did not affect an individual larvaÕs overall risk of being parasitized by the total parasitoid community (G adj. ϭ 2.49, df ϭ 3, P Ͼ 0.05) or by the specialist D. psilocorsis (G adj. ϭ 1.88, df ϭ 3, P Ͼ 0.05; Fig. 4) . On a per-tie basis, however, the likelihood of attracting a parasitoid, as measured by the occurrence of at least 1 parasitized P. quercicella larva in the tie, increased signiÞcantly with density (G adj. ϭ 20.57, df ϭ 3, P Ͻ 0.001; Fig. 4 ). The percentage parasitism of P. quercicella larvae collected from ties containing other species of leaftier caterpillars varied with the number of heterospeciÞcs occupying the tie (Fig. 5) . However, these differences were not statistically signiÞcant within a given density class (P Ͼ 0.10 for all G-tests). Nonetheless, for ties with a single P. quercicella larva (the most abundant class, n ϭ 657 ties), the trend was toward decreased parasitism with increasing numbers of heterospeciÞc individuals. A total of 11 other leaftier species (Table  2) cohabited with P. quercicella during the 1996 Ð1997 collections, the most common of which were Pseudotelphusa sp., Psilocorsis cryptolechiella Chambers, and Psilocorsis reflexella Clemens.
Leaftie Experiment. Of the surviving larvae, 24.4% of those placed in previously damaged ties were parasitized compared with 13.6% of those placed in undamaged ties. This difference, however, was not statistically signiÞcant (G adj. ϭ 1.89, df ϭ 1, P ϭ 0.26) because of low statistical power. In this experiment, A. epinotiae and L. venusta were the most abundant parasitoids.
Discussion
Annual variation in total percentage parasitism of P. quercicella was quite low, with only a 2% range in variation among the 3 yr. This is consistent with the observed stability in the population dynamics of P. quercicella, which follows predictable patterns of seasonal abundance (this study, R. J. Marquis, personal communication) in Missouri. Of the 662 P. quercicella larvae successfully reared by Pasek and Kearby (1984) in the years 1978 Ð1979 in central Missouri, Ϸ19% were parasitized, which is very close to the average 17% parasitism reported for the 3 yr of this study. Interestingly, an outbreak of P. quercicella and its congener, P. reflexella was reported for Hampden County, MA, in 1975, 2 yr after the forests were severely defoliated Carroll et al. (1979) . Collections were made in central Missouri (Boone, Randolph, and Warren Counties).
b Pasek and Kearby (1984) . Collections were made in central Missouri (Warren County).
c Collections were made in eastern Missouri (Lincoln County). d Generic and species epithets for Hymenoptera follow Poole and Gentili (1996) .
e Ichneumonidae determined by D. Wahl. f Described by Gagné and Lill (1999) . g Possibly Plectops sp. described by Cochaux (1969) .
by gypsy moths, Lymantria dispar L. (Wooster 1977) . Pasek and Kearby (1984) argued that the unusual outbreak resulted from a lag in the numerical response of the Psilocorsis parasitoid community after the host populationsÕ rebound from the negative effects of the defoliation event. This scenario, if correct, suggests that population stability in Psilocorsis is at least partially the result of top-down regulation by its resident parasitoid community. In the current study, however, the link between parasitism and host population stability is strictly correlational; perturbation experiments in which the densities of hosts or parasitoids are manipulated are necessary to demonstrate population regulation.
Instar at the time of collection is a reasonably good predictor of the length of time a larva has been exposed to natural enemies. Thus, estimates of parasitism may be expected to be inßuenced by the distribution of larvae among instars, a factor which is often not recorded for many general collections (e.g., Raizenne 1952 , Schaffner 1959 , Prentice 1965 ). However, because different species of parasitoids both attack and emerge from different instars or stages (Mills 1992) , and because instars may vary in their ability to avoid or resist parasitoid attack (Benrey and Denno 1997) , the relationship may be very complex. For P. quercicella, instar had a signiÞcant inßuence on parasitism during G1, but not during G2. This pattern is most likely related to the intergenerational differences in parasitoid community composition. Most of the parasitism of G1 larvae was caused by a single koinobiont endoparasitoid, D. psilocorsis, which can successfully parasitize a range of instars, but which delays killing its host until it has reached the nonfeeding prepupal stage. Thus, the difference in parasitism between early instars and later instars during G1 was most likely a result of the differences in the length of time larvae were exposed in the Þeld to attack by D. psilocorsis. In contrast, G2 larvae are more often parasitized by early larval and midlarval parasitoids (sensu Mills 1992), such as A. epinotiae, Eulophidae sp., and L. venusta, which may reduce the observed percentage parasitism by D. psilocorsis and the other koinobiont endoparasitoids because of preemptive multiparasitism. Collections of late instars during G2 represent the survivors of the early-attacking parasitoid guild and are thus likely to yield only koinobionts in frequencies that underestimate the actual number of hosts attacked by the idiobionts (Weis 1982 , Kato 1994a . Alternatively, hyperparasitism of D. psilocorsis by Perilampus prothoracicus Smulyan and Perilampus fulvicornis Ashmead during G1 may also have decreased the abundance of D. psilocorsis in G2, suppressing the parasitism of later instars to that of early instar levels. The signiÞcant decrease in total parasitism levels from G1 to G2 in 1995 and 1997 may simply reßect the seasonal decline in attack by D. psilocorsis resulting from high levels of hyperparasitism during G1.
The approximate doubling of parasitoid species diversity from G1 to G2 is remarkable. Five species (Agathis calcaratus Cresson, Apanteles epinotiae, L. venusta, Lycorina scitula Cresson, and Phytodietus November sp.) were only reared from larvae collected during G2 or very late in G1. Pasek and Kearby (1984) report emergence dates for the most abundant parasitoids, Apanteles nov. sp., A. calcaratus, and D. psilocorsis, that indicate a greater number of parasitoids of each species emerging during G1. With the exception of D. psilocorsis, these parasitoids were almost never reared from G1 larvae during the 3 yr of this study. However, Pasek and Kearby (1984) combined the parasitoids reared from all 3 co-occurring species of Psilocorsis. Of the 2 other Psilocorsis species, P. reflexella is the most abundant at the study site. P. reflexella is much larger (Ͼ50%) than P. quercicella and is univoltine and has a substantially longer development time involving 6 instars. Because P. reflexella is univoltine, the larvae are rarely found late in G2, when the bivoltine P. quercicella and P. cryptolechiella predominate (unpublished data). Thus, it is conceivable that some of the G2 parasitoids are host switching (Murdoch 1969, Cornell and Pimentel 1978) from the larger P. reflexella in G1 to the smaller P. quercicella in G2 to increase the number of generations (i.e., from univoltine to bivoltine), a factor which can have dramatic effects on insect population growth rates (Tauber et al. 1986, Hunter and McNeil 1997) . Kato (1994a, b) found an even more dramatic intergenerational pattern of parasitoid diversity in Chromatomyia suikazurae Sasakawa (Diptera: Agromyzidae), a bivoltine leafminer found on Lonicera species in Japan. His long-term studies indicated that the relative population stability of C. suikazurae was accomplished through density-dependent resource limitation (i.e., bottom-up regulation) during the 1st host generation (with no parasitism) followed by extremely high levels of parasitism (i.e., top-down regulation) from a diverse parasitoid fauna (24 species) during the 2nd host generation.
Two dipteran parasitoids were recorded using P. quercicella as a host in this study. An unidentiÞed endoparasitic maggot was consistently found emerging from later instars. Adults of this species, however, were not successfully reared, despite numerous attempts. Cochaux (1969) also reported parasitism by a tachinid ßy (possibly Plectops sp.), which accounted for 50 and 75% of larval parasitism of P. quercicella in 1964 and 1965, respectively, in Quebec. Because of Hodges (1983) . a Average density of each heterospeciÞc species was calculated as the total number of individuals collected of that species divided by the total number of ties examined.
b In addition to P. reflexella, a 3rd species of Psilocorsis, P. cryptolechiella Chambers was recorded in the ties, but early instars could not be distinguished from P. reflexella. Density data reported for P. reflexella combines records from both of these species. their relatively small size, P. quercicella larvae may not provide enough food for the maggot to complete its development, because none of the larvae successfully pupated. This phenomenon would be consistent with larval ingestion of microtype eggs laid by some tachinid ßies on foliage (Godfray 1994) . The 2nd dipterous parasitoid reared was the newly described midge, Lestodiplosis venusta Gagné (Gagné and Lill 1999) . The genus Lestodiplosis within the Cecidomyiidae contains numerous predaceous species that attack a diversity of insects and mites. However, L. venusta is only the 2nd record of a Nearctic Lestodiplosis feeding on caterpillars (Gagné and Lill 1999) . The larvae, which are typically gregarious (1Ð 4), were recorded feeding primarily on early (1Ð3) instar P. quercicella larvae in G2 of 1996 and 1997. None were recorded in 1995, but this was likely the result of an oversight because the larvae (and adults) are minute and their puparia are well-camoußaged within the leafties.
Higher density ties appeared to be more attractive to foraging parasitoids, because more than half of all the ties containing 4 or more P. quercicella larvae experienced a parasitism event. In addition, the results of the Þeld experiment indicated that a larvaÕs risk of parasitism almost doubled when placed in previously damaged ties compared with undamaged ties. Taken together, these results suggest that leaf damage patterns (Heinrich 1979; Heinrich and Collins 1983; Faeth 1985 Faeth , 1990 or the production of frass and silk may be important cues used by used by these parasitoids in locating P. quercicella hosts. However, because multiple parasitism events were rarely observed for individual ties (Ͻ5% of all ties with 2 or more P. quercicella larvae), the parasitoids did not appear to remain in high density patches.
From an individual larvaÕs perspective, parasitism of P. quercicella was found to be density independent. The per-larva risk of parasitism by parasitoids in general, and by the specialist D. psilocorsis in particular, was unrelated to the number of conspeciÞcs sharing a tie. Because P. quercicella larvae are concealed within their leafties, it may be difÞcult for foraging parasitoids to determine the number of potential hosts contained within a leaftie. Moreover, because ties containing multiple P. quercicella larvae typically included larvae in different instars, and because instar was shown to effect the risk of parasitism during G1, there is likely to be a temporal disparity between the realized density of larvae per tie experienced by the foraging parasitoids and that recorded at the time of collection. Such disparities may increase the probability of committing a type II error in tests for density dependence. Alternatively, this density-independent pattern may have resulted from measuring host density at the wrong spatial scale, because only a single level (i.e., the leaftie) was examined (Heads and Lawton 1983; Darling 1990, 1991; Hails and Crawley 1992; Lill 1998) . Finally, the majority of ties (72%) contained only a single P. quercicella larva (regardless of heterospeciÞcs). Thus, parasitoids foraging for P. quercicella have a relatively small chance of encountering multiple conspeciÞc hosts within a tie, and thus may not spend additional time and effort probing for additional hosts once one has been located (Weis 1982) .
Although most ties contained only a single P. quercicella larva, more than half of all the ties collected contained at least 1 other leaftying caterpillar (of the same or a different species). The trend toward decreased parasitism of single-P. quercicella ties with increasing numbers of additional tier caterpillars of a different species suggests that interspeciÞc associations could provide limited protection from parasitism. This protection could result from differential host preferences of generalist parasitoids (i.e., heterospeciÞcs are preferred) or alternatively from increased tie maintenance in higher density ties. Future studies are needed that experimentally manipulate the density of both conspeciÞcs and heterospeciÞcs within a tie to determine their relative effects on parasitism.
In summary, the parasitoid community associated with P. quercicella was found to be diverse and seasonally variable, both in the frequency of attack and in species composition. However, annual variation in parasitism was found to be quite low, which may contribute to the stability in host population dynamics. Interactions among parasitoid species and host switching behaviors may be important determinants of the seasonal (i.e., intergenerational) differences in the parasitoid community associated with P. quercicella. Finally, the effects of the densities (within a tie) of both conspeciÞcs and heterospeciÞcs on parasitism, although not statistically signiÞcant, displayed some interesting patterns, suggesting the need for further investigation.
